Some results relating to the block matrix partial orderings and the submatrix partial orderings are given. Special attention is paid to the star ordering of a sum of two matrices and the minus ordering of matrix product. Several equivalent conditions for the minus ordering are established. Mathematics Subject Classification (2000): 15A45; 15A57
Hartwig and Styan [6] considered the rank subtractivity and Schur complement, and shown that Recently, the relationships between orderings defined in (1.2)-(1.7) and their powers with the emphasis laid on indicating classes of matrices were considered by several authors [7] [8] [9] . The results on matrix partial orderings and reverse order law were considered by Benitez et al. [10] . In this paper, we focus our attention on the partial orderings of block matrices. Special attention is paid to the star ordering of a sum of two matrices and the minus ordering of matrix product. To our knowledge, there is no article yet discussing these partial orderings in the literature.
If A ≺ C, B ≺ D, an interesting question is that whether the partitioned matrices 
Star partial ordering
In this section, we give some results on the star partial orderings of block matrices. Proof. On account of (1.2) and ( Proof. In view of (1.4), according to the assumptions, we have
On the other hand, on account of (1. 
Minus partial ordering
In this section, we present some results on the minus orderings of the matrix product and block matrices. In our development, we will use the following preliminary results for our further discussion.
Lemma 1 [12] Let A C m×n , B C n×k . Then
r(AB) = r(B) − dim (R(B) ∩ N(A)).
Baksalary et al. [13] established a formula for the Moore-Penrose inverse of a columnwise partitioned matrix. Here, we state it as given below.
Lemma 2 Let A C m×n and be partioned as A = A 1 A 2 . Then the following statements are equivalent:
implication may be not true. The following theorem shows that when the implication is true. Theorem 6 Let A, B C m×n , C C k×m . Then any two of the following statements imply the third:
Proof. Applying Lemma 1, we have
Hence,
On account of (1.6) this theorem can be easily obtained. □ Similarly, we can prove the following results. Corollary 4 Let A, B C m×n , C C n×k . Then any two of the following statements imply the third: 
AB †≤ BB † and R(A*) ⊆ R(B*). Furthermore,
and
In the previous section, we study the star ordering of block matrix. A similar consequence on the minus ordering is established as below.
Theorem 7 Let A, C C m×n , and B, D C m×k be minus ordered as A≤C, B≤D. If R
Proof. From A≤C and B≤D, in view of (1.7), it follows that
The conditions of the middle part of (3.1) and (3.2) show that
According to Lemma 2 and the assumption R(C) ∩ R(D) = {0}, we have
where Q C = I m -CC † and QD = I m -DD † . From (3.1) and (3.2), we can verify the following equalities 
